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The LHC constraints on Higgs-portal WIMPs are studied. Scalar, vector and anti-symmetric tensor ﬁelds 
are considered. They are assumed to be heavier than a half of the Higgs boson mass. We investigate 8 TeV 
LHC results on signatures of the vector boson fusion, mono-jet and associated production of the Z boson, 
which proceed via virtual exchange of the Higgs boson. We show that the vector boson fusion channel 
gives the most stringent constraints on Higgs-portal interactions for all the WIMP models investigated 
here. The upper limits on vector and tensor Higgs-portal couplings can be 0.43 and 0.16 for the WIMP 
mass of 65 GeV, respectively. However, they are rapidly weakened for heavier WIMP masses, allowing 
O(1) couplings for masses heavier than ∼100 GeV. Constraints for scalar WIMPs are very weak. Prospects 
of the 14 TeV LHC are also discussed. We show that the constraints on the tensor and vector couplings 
would be improved by a factor of ∼1.5–2, depending on the search channels. It would be still challenging 
to constrain scalar WIMPs.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
Although astrophysical and cosmological evidences have estab-
lished the existence of the dark matter (DM), its nature has not 
been demystiﬁed (see, e.g., Ref. [1] for a review). In particular, 
DM interactions with standard model (SM) particles have not been 
identiﬁed except for gravitational ones in spite of enormous exper-
imental efforts. They have been limited by direct or indirect DM 
searches, for instance, by the LUX experiment [2]. Besides, if the 
DM has sizable couplings with quarks or gluons, it can be dis-
covered or constrained by collider experiments especially at the 
LHC [3]. In fact, searching for the DM is one of the main targets 
for the next phase of the LHC.1
The collider searches are qualitatively different from the di-
rect and indirect ones for the DM. The latter particularly depends 
on the relic abundance of the DM as well as its interactions. For 
a subcomponent of the DM, the signal strength of direct or in-
direct searches can be suppressed, even if its coupling is strong. 
In contrast, signal strengths at colliders depend only on interac-
tions. Weakly-interacting massive particles (WIMPs) are searched, 
* Corresponding author.
E-mail address: takaesu@hep-th.phys.s.u-tokyo.ac.jp (Y. Takaesu).
1 We note that even if the LHC discovers a new particle by, e.g. observing excesses 
in large missing momentum signatures, it does not immediately imply a discovery 
of the dark matter particle. We need to investigate carefully that its nature surely 
satisﬁes what is expected for the dark matter before such a claim.http://dx.doi.org/10.1016/j.physletb.2015.02.042
0370-2693/© 2015 The Authors. Published by Elsevier B.V. This is an open access article
SCOAP3.irrespective of whether they are dominant components of the DM. 
They are assumed to be stable and identiﬁed as a missing momen-
tum in detectors.
In this letter, we study LHC signatures of stable WIMPs through 
the Higgs portal, where they interact with the SM particles only 
via the Higgs boson [4–6]. They are assumed to be singlet un-
der the SM gauge symmetries. An unbroken Z2 parity is intro-
duced, where the stability of WIMPs is guaranteed by assigning 
odd (even) charge to WIMP (SM) particles. We consider scalar, vec-
tor and anti-symmetric tensor ﬁelds as a candidate of Higgs-portal 
WIMPs.2
Although the Higgs-portal models have been constrained by 
LHC studies on the Higgs invisible decay, they target WIMPs lighter 
than a half of the Higgs boson mass [8–17]. In this letter, we 
study LHC signatures of WIMPs when they are heavier. We explore 
the vector boson fusion (VBF) and Z -boson associated production 
channels. Besides, WIMPs are produced by gluon fusions via top 
loops and the intermediate Higgs boson. Such a channel can be 
identiﬁed by using associate productions of a hard jet. Thus, we 
also investigate the mono-jet signature in light of the current LHC 
studies [18,19]. It will be shown that the current LHC results con-
strain the Higgs-portal interactions of the vector and tensor WIMPs 
to be less than 0.43 and 0.16, respectively, while those for the 
2 The stability of the tensor WIMP may not always require a new Z2 symme-
try [7]. under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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cussed.
The remaining parts of this work are organized as follows. After 
introducing the Higgs-portal models in Section 2, the relevant LHC 
signatures and analysis details are described in Section 3. Results 
for the 8 TeV LHC constraints are shown in Section 4, while Sec-
tion 5 is devoted to discussions on prospects for the 14 TeV LHC. 
Finally, our main conclusion are summarized in Section 6.
2. Model
Higgs-portal WIMP models are considered, where WIMP is 
a scalar, S , vector, Vμ , or anti-symmetric tensor ﬁeld, Bμν .3 It gen-
erally couples to the Higgs boson via a dimension-four interaction 
operator. The Lagrangian is generally given as
LS = 1
2
∂μS∂μS − 1
2
M2S S
2 − λS S4 − cS |H|2 S2, (2.1a)
LV = −1
4
V μνVμν + 1
2
M2V V
μVμ − λV (V μVμ)2
+ cV |H|2 V μVμ, (2.1b)
LB = 1
4
∂λB
μν∂λBμν − 1
2
∂μBμν∂ρ B
ρν − 1
4
M2B B
μν Bμν
− λB Bμν BνλBλρ Bρμ − cB |H|2 Bμν Bμν, (2.1c)
where Mχ , λχ and cχ are the mass parameter, quartic self-
coupling and interaction strength between the Higgs boson and 
WIMP, respectively, for χ = S, V , B . In the LHC analysis, cχ is set 
to be a real and positive value without loss of generality. Also, 
Vμν is a ﬁeld strength of the vector. After the electroweak sym-
metry is broken, the WIMP mass receives a correction of ∼cχ v2. 
In the analysis, the physical WIMP mass is represented as mχ . In 
this letter, we follow Ref. [7] for the tensor model, where a mas-
sive anti-symmetric two-form ﬁeld is analyzed in the transverse 
representation as a candidate of the DM. In particular, the wave 
function becomes〈
0
∣∣Bμν ∣∣b(q, λ)〉= i
mB
μνρσ ε
ρ(λ)qσ , (2.2)
for momentum q and helicity λ.
The invisible decay rate of the Higgs boson with a mass mH is 
calculated as

S(mH ,mS ; cS) = c
2
S
8π
v2
mH
√
1− 4m
2
S
m2H
, (2.3a)

V (mH ,mV ; cV ) = c
2
V
32π
v2
mH
m4H − 4m2Hm2V + 12m4V
m4V
√
1− 4m
2
V
m2H
,
(2.3b)

B(mH ,mB; cB) = c
2
B
4π
v2
mH
m4H − 4m2Hm2B + 6m4B
m4B
√
1− 4m
2
B
m2H
,
(2.3c)
where v is the vacuum expectation value of the Higgs ﬁeld, v 
246 GeV. It is noticed that the vector and tensor productions are 
enhanced by m4H/m
4
χ , if mH is much larger than mχ . For the vec-
tor ﬁnal state, this comes from the longitudinal polarization. On 
the other hand, in the tensor case the wave function (2.2) is pro-
portional to ερqσ /mB but vanishes for ερ(λ) ∝ qρ , leading to the 
3 It is straightforward to apply the following analysis for a fermion WIMP, which 
interacts with the Higgs boson by a dimension-ﬁve operator.Fig. 1. Representative diagrams for Higgs-portal WIMP-pair production processes in 
(a) mono-jet, (b) vector-boson fusion, (c) mono-Z production channels.
similar scaling behavior in high energy as the vector case. Conse-
quently, the Higgs invisible decay rate becomes large especially for 
the vector and tensor WIMPs.
3. LHC signatures
In this section we discuss LHC signatures for the Higgs-portal 
models described in the previous section.
Higgs invisible decay signals are deﬁnitive probes for the Higgs-
portal interactions. ATLAS and CMS collaborations have put limits 
on the branching fraction of the Higgs invisible decay (BRinv) based 
on VBF and ZH associated production processes [8,9]. Those con-
straints can be reinterpreted for bounds on the heavy Higgs-portal 
WIMP models, where off-shell Higgs bosons intermediate between 
the SM particles and WIMPs. Besides, new physics searches via 
mono-jet [19,18], mono-Z [20,21] and mono-W [20,22] signatures 
can also be a way to investigate Higgs-portal models.
In the following, we explain the details of our VBF, mono-jet 
and mono-Z analyses for constraints on the heavy Higgs-portal 
models. On the other hand, since the currently available LHC re-
sults for the ZH [8,9] and mono-W [20,22] signatures are based on 
the template-based analyses (i.e., depending on kinematical distri-
butions of decay products), it is not straightforward to reinterpret 
them for the constraints on the Higgs-portal models. We do not 
investigate these channels in this study.
3.1. Vector boson fusion
We brieﬂy explain the analysis details for VBF constraints on 
the Higgs-portal models. As shown in Fig. 1 WIMP-pair produc-
tions are intermediated by the Higgs boson, H∗ , as
pp → H∗ + j j → χχ + j j, (3.1)
where the Higgs is off-shell when the WIMP is heavier than a half 
of the Higgs boson mass. Its cross section can be expressed as
σχχ (mχ , cχ ) =
∞∫
4m2χ
ds˜
2π
σH (mH∗ =
√
s˜)
2
√
s˜
(s˜ −m2H )2 + 
2Hm2H
× 
χ(
√
s˜,mχ ; cχ ), (3.2)
where s˜ is the invariant mass squared of the χχ system, and 

H = 4.21 MeV is the total decay width of the Higgs boson at the 
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lowing three parts: i) the production cross section of the Higgs 
boson, σH , at a hypothetical mass of the Higgs boson, mH∗ =
√
s˜, 
ii) the Higgs boson propagator at the four momentum squared s˜, 
and iii) the decay width of the Higgs boson into a pair of WIMPs, 

χ , provided in Eqs. (2.3), where the Higgs mass is supposed to 
be mH∗ =
√
s˜. It should be noted that the hypothetical Higgs boson 
mass mH∗ is not equal to the SM Higgs boson mass mH . Higgs pro-
duction cross sections, σH , depend on Higgs production processes, 
e.g., Higgs plus one jet, VBF and ZH associated production, while 
the Higgs propagator and 
χ are universal for all the production 
processes. Thus, our main concern in evaluating a WIMP-pair pro-
duction cross section is the calculation of the corresponding Higgs 
production cross section for various Higgs masses.
The cross section, σH , for the VBF process is calculated with 
the HAWKv2.0 package [24,25] at the next-to-leading order (NLO), 
including QCD and EW corrections. We impose the following kine-
matical cuts based on the CMS VBF analysis [9]:
pT j1(2) > 50 GeV, |η j1(2) | < 4.7,
η j1η j2 < 0, η j j > 4.2, |φ j j| < 1,
M jj > 1100 GeV, pT H > 130 GeV, (3.3)
where pT j1(2) and η j1(2) are the transverse momentum and pseudo-
rapidity of the ﬁrst (second) leading jet, respectively. Also, η j j , 
φ j j and M jj are the rapidity difference, azimuthal-angle dif-
ference and invariant mass of the two leading jets, respectively. 
Since the missing momentum arises solely from the Higgs invisi-
ble decay in our simulation, the Higgs transverse momentum, pT H , 
is equal to the missing transverse momentum, /pT . The CTEQ6L1 
parton distribution function (PDF) set [26] is used with the fac-
torization/renormalization scale equal to (m2H∗ + p2T Hcut)1/2, where 
pT Hcut is the Higgs pT cut. The following analysis is based on the 
parton level calculation, and effects of parton shower, hadroniza-
tion and detector simulation are neglected. Besides, we assume 
100% trigger and reconstruction eﬃciencies, supported by their 
suﬃciently high performance [9]. Also HAWK is modiﬁed to im-
plement the φ j j cut.
The CMS collaboration has reported that the observed 95% con-
ﬁdence level (CL) upper bound on BRinv is 0.65 for the SM Higgs 
boson with mH = 125 GeV, where the upper bound on the sig-
nal event number is 210 × 0.65  137 for the integrated lumi-
nosity (L) of 19.5 fb−1 at √s = 8 TeV [9]. If we require the VBF 
Higgs production cross section times the invisible decay branch-
ing fraction, σH (mH ) × BRinv, to be smaller than the CMS bound, 
σ = 210 ×0.65/19.5 fb−1  7 fb, we can reproduce the CMS upper 
bound on BRinv as a function of the Higgs mass (Fig. 8 in Ref. [9]) 
within the 1σ level of the experimental uncertainty. Our bound 
is stronger than that of CMS. The difference may originate in the-
oretical uncertainties from PDF and factorization/renormalization 
scales as well as the effects of parton shower, hadronization and 
detector smearing including the trigger and reconstruction eﬃcien-
cies, which are neglected in our analysis.
The WIMP production cross section, σχχ , is calculated from 
Eq. (3.2). Contributions of lower s˜ dominates the integration. The 
95% CL upper bound on the Higgs-portal coupling, cχ , is obtained 
by requiring the expected event number from the WIMP produc-
tion process to be less than the CMS limit on the signal excess, 
137 events.
3.2. Mono-jet
Next we explain the analysis details for the mono-jet con-
straints on the Higgs-portal models. The WIMP production process 
contributing to the mono-jet signal ispp → H∗ + j → χχ + j, (3.4)
where j denotes an associated jet, and the intermediate Higgs is 
off-shell when the WIMP is heavier than a half of the Higgs boson 
mass. Some representative Feynman diagrams for the process are 
shown in Fig. 1.
As in the VBF analysis in the previous subsection, the WIMP-
pair production cross section is expressed by Eq. (3.2). Here, the 
Higgs production cross section, σH , corresponds to that of the 
Higgs plus one hard jet process at a hypothetical Higgs mass, 
mH∗ =
√
s˜. The production proceeds mainly via top quark loops. 
When either the Higgs boson mass or the jet transverse momen-
tum exceeds twice the top quark mass, 1/mt expansion of the top 
loop function breaks down, and the ﬁnite mt effects must be taken 
into account. This is the case when a Higgs-portal WIMP is heavy. 
The leading order (LO) cross section of the process has been evalu-
ated with the ﬁnite top mass [27]. However, the NLO cross section 
is known only in the inﬁnite mt limit to the best of our knowledge. 
Therefore, we take account of the ﬁnite mt effect at the LO level 
and include the NLO corrections approximately by a K-factor, de-
ﬁned as the ratio of the NLO and LO cross sections in the inﬁnite 
mt limit as
σNLOH  σ LOpp→H j(mt) × K , (3.5)
K = σ
NLO
pp→H j(mt = ∞)
σ LOpp→H j(mt = ∞)
, (3.6)
where the top quark mass is taken to be mt = 173 GeV. This pro-
cedure should involve potentially large uncertainties mainly due 
to the breakdown of the inﬁnite mt approximation. Therefore, it is 
desirable to calculate ﬁnite mt corrections to the NLO cross section.
The CMS collaboration has reported the most severe limit on 
the mono-jet production cross section by using the 19.5 fb−1
dataset at 
√
s = 8 TeV [19], while the ATLAS collaboration puts a 
weaker limit based on the L = 10.5 fb−1 dataset [18]. We follow 
the CMS analysis [19] and impose the kinematical cut condition,
pT j1 > 110 GeV, |η j1 | < 2.4,
pT H > 450 GeV, (3.7)
where pT j1 and η j1 are the transverse momentum and pseudo-
rapidity of the highest pT jet, respectively, and pT H is the trans-
verse momentum of the Higgs boson. The pT H cut is related to the 
/pT cut since the Higgs boson decays invisibly to WIMPs. The above 
pT H cut condition is chosen to give the most stringent limit on the 
Higgs-portal interactions, based on the CMS analysis [19]. In our 
analysis, the cut conditions, Eq. (3.7), are imposed on σ LOpp→H j(mt), 
whereas in the evaluation of the K-factor we take the pT H cut as 
low as mH/2 instead of taking 450 GeV in order to tame the large 
deviation from the ﬁnite mt result.4 Here, we suppose that the K-
factor does not change signiﬁcantly with pT H (cf. Ref. [29]). We use 
the modiﬁed MCFMv6.8 package [30], where we implement the 
pT H cut, to calculate the cross section. The LO (NLO) MSTW2008 
PDF set [31] is used for the LO (NLO) cross section calculations 
with the renormalization/factorization scale of (m2H + p2T Hcut)1/2. It 
is mentioned that the NLO corrections may be overestimated, since 
we do not impose the veto on the secondary jet from the NLO real 
emission corrections unlike the CMS analysis [9].
For pT H > 450 GeV, which is equivalent to /pT > 450 GeV at 
LO, the observed CMS upper bound on the signal event number 
is 157 at 95% CL after imposing the cuts at 
√
s = 8 TeV and L =
4 This choice of the pT H cut also avoids large log(mH∗ /pT H ) corrections (see 
Ref. [28]).
M. Endo, Y. Takaesu / Physics Letters B 743 (2015) 228–234 231Fig. 2. The 8 TeV LHC constraints on the tensor (a), vector (b) and scalar (c) Higgs-portal couplings, cχ , as a function of the WIMP mass mχ . The solid, dot-dashed and dotted 
curves correspond to the 95% CL upper bounds based on the VBF, mono-jet and mono-Z data [9,19,21]. The shaded area for mχ <mH/2 is excluded by the Higgs invisible 
decay analysis [8,9].19.5 fb−1 [9]. Thus, the production cross section of the mono-jet 
signal is required to be smaller than σ = 157/19.5 fb−1  8.1 fb at 
95% CL. This CMS result constrains the Higgs-portal coupling, cχ , 
in the similar way as the VBF case in the previous section.
3.3. Mono-Z
The WIMP production process contributing to the mono-Z sig-
nal is
pp → H∗ + Z → χχ + Z , (3.8)
and the corresponding Feynman diagram is shown in Fig. 1. 
The ATLAS collaboration has reported dark matter searches with 
hadronically decaying mono-W /Z and leptonically decaying mo-
no-Z channels with L = 20.3 fb−1 at √s = 8 TeV [20,21].5 The 
most severe limit on the mono-Z production cross section is set 
by the leptonic mode. We follow the leptonic mode analysis [21]
and impose the kinematical cut condition,
pTl > 20 GeV, |ηl| < 2.5,
76 GeV <mll < 106 GeV,
|ηll| < 2.5,
pT H > 150 GeV, (3.9)
5 Signal topologies of the ZH production processes [8,9], where the Higgs boson 
is supposed to decay invisibly, are the same as those of the mono-Z production 
processes [20,21]. However, Refs. [8,9] uses the template-based analysis, and we do 
not consider them.where pTl and ηl are lepton transverse momentum and pseudo-
rapidity (l = e, μ), and mll and ηll are the invariant mass and the 
difference of the pseudo-rapidities of the two leading leptons, re-
spectively. The above pT H cut condition is chosen to give the most 
stringent limit on the Higgs-portal interactions, based on the AT-
LAS analysis [21]. We use the HAWKv2.0 package [24,25], where 
we have implemented the ηll cut, and calculate the cross section 
of the Higgs production process, pp → H∗ Z , including NLO QCD 
and EW contributions. The CTEQ6M PDF set [26] is used with the 
renormalization/factorization scale of mH∗ + mZ . It is mentioned 
that we do not impose jet vetoes unlike the ATLAS analysis [21].
For /pT > 150 GeV, which is equivalent to pT H > 150 GeV at LO, 
the observed ATLAS upper bound on the production cross section 
is 2.7 fb−1 at 95% CL. This result constrains the Higgs-portal cou-
pling, cχ , in a similar way as the VBF and mono-jet cases.
4. Limits on the Higgs-portal models
In this section we present the constraints on the Higgs-portal 
scalar, vector and tensor productions by the VBF, mono-jet and 
mono-Z studies at the 8 TeV LHC.
In Fig. 2 we show the constraints on the Higgs-portal cou-
pling constant, cχ , deﬁned in Eqs. (2.1) as a function of the dark 
matter mass, mχ . Figures (a), (b) and (c) show the 95% CL up-
per bounds for the tensor, vector and scalar cases, respectively, 
based on the VBF (solid), mono-jet (dot-dashed) and mono-Z (dot-
ted) analyses [9,19]. There is a rapid change in the bounds around 
mχ = mH/2 ( 62.5 GeV) due to the on-shell Higgs pole. The 
strong constraint on the Higgs invisible decay branching fraction 
for mχ < mH/2 (the shaded area) is invalid for mχ > mH/2. The 
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ones. This is because the VBF signals are clean against backgrounds 
unlike the mono-jet channel, while the cross section of the WIMP-
pair plus Z boson productions is smaller, especially for heavier 
WIMPs.
It is found that the VBF process constrains the couplings of 
the tensor, vector and scalar to be smaller than 0.16, 0.43 and 
2.0 at mχ = 65 GeV, respectively. The bounds becomes weaker 
for larger mχ since the WIMP production cross section is pro-
portional to 1/m4χ . However, for the vector and tensor cases, this 
reduction of the cross section is relaxed due to the m4H∗/m
4
χ en-
hancement with respect to the scalar case in the large WIMP-pair 
invariant mass (mH∗ ) region, as discussed in Section 2. Especially, 
the tensor coupling receives the most stringent constraint in the 
all range of the WIMP mass, which is stronger than the vector 
case by a factor of ∼3. If the coupling constant becomes as large 
as cλ ∼ 4π ∼ 10, the perturbative description of Eq. (3.2) breaks 
down. Thus, the VBF, mono-jet and mono-Z bounds work only be-
low mχ ∼ 320, 250 and 180 GeV for the tensor interaction, while 
the limit is 220, 170 and 130 GeV and 110, 70 and 90 GeV for the 
vector and scalar ones, respectively.
As mentioned in the previous section, we omitted the effects 
of parton shower, hadronization, detector simulation and extra jet 
veto cuts. If we estimate their effects with leading order simula-
tions, they result in ∼5%, ∼30% and ∼40% corrections to the VBF, 
mono-jet and mono-Z sensitivities on the Higgs-portal couplings, 
respectively. However, this does not change our discussions and 
conclusions.
Although these collider limits are weaker than that from the 
relic abundance and direct detection of the DM [7,32], we stress 
that the collider limit is valid even if the hidden sector particle of 
interest is not the dominant component of the DM.
5. Future prospects
In this section, we discuss future prospects of the sensitivity to 
the Higgs-portal models at the 14 TeV LHC.
5.1. Mono-jet prospects
In order to discuss future prospects, we need to evaluate the 
signal event number and backgrounds. First, let us estimate ex-
pected backgrounds and upper bounds on the signal excess with 
the following assumptions (cf. Section 5 in Ref. [33]):
• Backgrounds event number (NBG) is scaled by the integrated 
luminosity, L, and the parton luminosity function, L(sˆ), at 
a typical center-of-mass energy scale of partonic collisions, 
√
sˆ, 
for the background process. Here the parton luminosity func-
tion is deﬁned as
L(sˆ) ≡
ln(1/
√
τ )∫
−ln(1/√τ )
dy fa(
√
τey, Q ) fb(
√
τe−y, Q ), τ = sˆ
s
,
(5.1)
where f i(x, Q ) is a PDF for an incoming parton ﬂavor i with a 
longitudinal momentum fraction x at a factorization scale Q . 
Thus, from the experimental result at 
√
s = 8 TeV, NBG at √
s = 14 TeV is deduced as
N14 TeVBG =
L14 TeV
8 TeV
L14 TeV(sˆ)
8 TeV
N8 TeVBG . (5.2)L L (sˆ)Fig. 3. The cross sections of the tensor, vector and scalar WIMP-pair productions 
associated with one jet at the 14 TeV LHC as functions of the WIMP mass. The 
vertical axis is rescaled by the Higgs-portal coupling squared. The red, blue and 
green curves are for the tensor, vector and scalar cases, respectively, with the pT H
cut of 400 (solid), 600 (dot-dashed) and 800 GeV (dotted). (For interpretation of the 
references to color in this ﬁgure legend, the reader is referred to the web version of 
this article.)
For the mono-jet process, the background is dominated by 
Z(→ νν¯) + jet productions. Then, the parton luminosity func-
tion is calculated for qq¯ initial states (q = u, d, s, c, b) with 
Q = √sˆ =
√
m2Z + /p2T cut + /pT cut, where /pT cut is the missing pT
cut.
• The relative systematic uncertainty is the same level as those 
at the 8 TeV LHC,
σ 14 TeVsys
N14 TeVBG
= σ
8 TeV
sys
N8 TeVBG
, (5.3)
while the statistical uncertainty is scaled as
σ 14 TeVstat√
N14 TeVBG
= σ
8 TeV
stat√
N8 TeVBG
. (5.4)
The total uncertainty σtot is estimated by adding these uncer-
tainties in quadrature.
• Expected upper bound on the signal excess is estimated as
Nsig < 2σtot. (5.5)
Next, in Fig. 3 we show the cross sections of the jet-associated 
WIMP-pair production process, pp → χχ j, at the 14 TeV LHC as 
functions of the WIMP mass. Here, the vertical axis is rescaled by 
the Higgs-portal coupling squared, c2χ , since the cross section is 
proportional to c2χ . The red, blue and green curves are for the ten-
sor, vector and scalar cases, respectively. The cut conditions are 
supposed to be the same as the 8 TeV analysis (see Eq. (3.7)), but 
the pT H cut is taken as 400 (solid), 600 (dot-dashed) and 800 GeV 
(dotted).
The estimated upper bound becomes ∼4900 events for the pT H
cut of 400 GeV at L = 100 fb−1, based on the CMS mono-jet re-
sult at the 8 TeV LHC [19]. On the other hand, the signal event 
number for the tensor production with mχ = 65 GeV is estimated 
to be ∼1200 for cχ = 0.1. Thus, if the pT H cut of 400 GeV is 
still applicable at the 14 TeV LHC, the Higgs-portal tensor model 
can be probed for a coupling as small as ∼0.2 at mχ = 65 GeV
and L = 100 fb−1. Expected signal event number decreases rapidly 
for heavier WIMPs. The signal becomes about 10 events for mχ =
180 GeV with cχ = 0.1 at L = 100 fb−1.
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associated with a Z boson at the 14 TeV LHC as functions of the WIMP mass. The 
vertical axis is rescaled by the Higgs-portal coupling squared. The red, blue and 
green curves are for the tensor, vector and scalar cases, respectively, with the pT H
cut of 250 (solid), 350 (dot-dashed) and 450 GeV (dotted). (For interpretation of the 
references to color in this ﬁgure legend, the reader is referred to the web version of 
this article.)
For pT H > 550 GeV, the expected signal events and the ex-
pected upper bound on the signal excess become ∼300 (for cχ =
0.1) and ∼2000 events at L = 100 fb−1, respectively. This leads to 
a weaker limit on the Higgs-portal coupling as ∼0.3. Thus, harder 
pT H cut may degrade the sensitivity to the Higgs-portal couplings 
for the mono-jet channel at the 14 TeV LHC. Dedicated studies 
on the backgrounds and cut conditions are needed for a deﬁni-
tive conclusion.
The sensitivities to the vector and scalar models are weaker 
than the tensor one. The production cross section of the vector 
is smaller by a factor than that of the tensor, and the tensor re-
sult can be reinterpreted to the vector model straightforwardly. On 
the other hand, the mono-jet channel will be hopeless to probe 
the Higgs-portal scalar model with a coupling of ∼0.1 even at the 
14 TeV LHC because of the too small production cross section.
5.2. Mono-Z prospects
Future prospects at the 14 TeV LHC for the mono-Z channel 
is discussed along the lines of the previous subsection for the 
mono-jet channel. Expected backgrounds and upper bounds on 
the signal excess are estimated in a similar way, but the domi-
nant background is Z Z productions. Then, the parton luminosity 
function is calculated for qq¯ initial states (q = u, d, s, c, b) with 
Q = √sˆ = 2
√
m2Z + /p2T cut.
In Fig. 4, we show the cross sections of the Z -associated WIMP-
pair production process, pp → χχ Z , at the 14 TeV LHC as func-
tions of the WIMP mass. The red, blue and green curves show 
the cross sections for the tensor, vector and scalar cases, respec-
tively. Here, the cut conditions are supposed to be the same as the 
8 TeV analysis, Eq. (3.9), but the pT H cut is set as 250 (solid), 350 
(dot-dashed) or 450 GeV (dotted). The event number of the tensor 
production with mχ = 65 GeV is estimated to be ∼7 events for 
cχ = 0.1 and pT H > 450 GeV at L = 100 fb−1, while the expected 
upper bound on the signal excess for this integrated luminosity is 
∼15 events, deduced from the ATLAS mono-Z result at the 8 TeV 
LHC [21]. Thus, if the pT H cut of 450 GeV is applicable at the 
14 TeV LHC, the Higgs-portal tensor model can be probed for a 
coupling as small as ∼0.15 at mχ = 65 GeV and L = 100 fb−1. It 
is mentioned that the backgrounds are expected to be suppressed more eﬃciently by adopting harder pT H cut in the mono-Z chan-
nel at the 14 TeV LHC. This contrasts sharply with the mono-jet 
case.
The mono-Z sensitivities to the vector model are weaker than 
the tensor case. On the other hand, the mono-Z channel will be 
hopeless to probe the scalar model with a coupling of ∼0.1 even 
in the 14 TeV LHC as the mono-jet channel.
5.3. VBF prospects
Let us turn to the VBF process. Future prospects of the Higgs 
invisible decay branching fraction for the process have been dis-
cussed in Ref. [34]. The current upper bound is BRinv < 0.65 for 
mH = 125 GeV, and the sensitivity is expected to be BRinv ∼ 0.17
for 
√
s = 14 TeV and L = 100 fb−1. Thus, the limit on σ × BRinv
will be improved by a factor of 3.8 for mH = 125 GeV. If this fac-
tor is assumed to be independent of the Higgs boson mass and 
the kinematical distributions, the limit on the Higgs-portal WIMP 
coupling, climχ , is expected to be improved by a factor of ∼2, since 
the WIMP production cross section, Eq. (3.2), is proportional to c2χ . 
Therefore, the expected limit is estimated to be climχ ∼ 0.08, 0.2 
and 1.0 for the tensor, vector and scalar cases, respectively, at 
mχ = 65 GeV. It should be noted that careful background estima-
tions with reliable detector simulations are required to derive more 
realistic conclusions on 14 TeV prospects for the Higgs-portal in-
teractions.6
6. Conclusion
We discussed the LHC constraints on the several Higgs-portal 
WIMP models at the LHC. WIMPs are assumed to be scalar, vec-
tor and anti-symmetric tensor ﬁelds. In particular, we considered 
their masses heavier than a half of the Higgs boson mass, where 
LHC analyses have been rarely performed. We found that the vec-
tor boson fusion channel gives the most stringent constraints on 
Higgs-portal couplings among the current LHC data and excludes 
the models with larger couplings than 0.16 (tensor), 0.43 (vector) 
and 2.0 (scalar) for mχ = 65 GeV, while these constraints become 
weaker for heavier WIMPs. The tensor and vector Higgs-portal cou-
plings receive stronger limits than the scalar one especially when 
WIMPs are heavy. The tensor WIMP coupling is constrained most 
strongly for any WIMP masses. On the other hand, for mχ > 320
(tensor), 220 (vector) and 110 GeV (scalar), our analyses cannot be 
applied since the perturbative calculations break down.
We also discussed the prospects for 14 TeV LHC sensitivities 
to the Higgs-portal interactions. For the mono-jet and mono-Z
processes, we evaluated the production cross sections of the Higgs-
portal WIMPs with several cut conditions. It was shown that for 
mono-jet (mono-Z ) process more than 1000 (5) events could be 
produced for the tensor case with cχ = 0.1 at L = 100 fb−1 for 
pT H > 400 (450) GeV. Although it is diﬃcult to simulate the back-
grounds and to estimate the signal signiﬁcance reliably, we roughly 
estimated the 14 TeV LHC reach for the Higgs-portal couplings by 
deducing the upper limits on the signal excesses based on the 
8 TeV LHC results. It is found that both mono-jet and mono-Z
channels will improve their limits by a factor of ∼1.5 and ∼2, 
respectively, though this improvement should depend on the miss-
ing pT cut condition. The mono-jet channel may prefer the current 
level cut, while the harder cut will be helpful for the mono-Z
channel. It would be still challenging to constrain the scalar WIMP 
6 The background simulation in the VBF analysis in Ref. [34] seems to discard 
some contributions such as those due to pileup effects. The signal signiﬁcance may 
be degraded especially when the luminosity is large.
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sides, the Higgs invisible decay channel is expected to be studied 
accurately by the VBF signal. Then, we may expect a factor of two 
improvement of the coupling limits at L = 100 fb−1.
Although these results are not so drastic, the sensitivities could 
be improved more if the luminosity (rather than the collision en-
ergy) will be increased, and the systematic uncertainties can be 
reduced. Dedicated studies on realistic estimations of the back-
grounds and detector effects are needed for further discussions. 
As discussed in this letter, the LHC can probe WIMPs through the 
Higgs portal not only when they are lighter than a half of the Higgs 
boson mass but also if they are heavier. Therefore, the LHC will 
be useful in searching for the Higgs-portal models for wider cases 
than had been expected.
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